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(57) Abstract: A zinc hot dip galvanized 
steel plate which comprises a plating layer 
consisting substantially of T) phase and 
an oxide layer present on the surface of 
the plating layer, wherein the oxide layer 
has an average thickness of 10 nm or more 
and comprises a Zn-based oxide layer and 
an Al based oxide layer, and a method for 
producing the zinc hot dip galvanized steel 
plate, which comprises the steps of zinc 
hot dip galvanizing, skin pass rolling and 
oxidation treatment. 
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^tefmmm*>iriz>&. m\mm<DW^m^ 20nm sLtk-rzk 
mxhz> 0 zm\&< &MkmajM<Dm&ffl&&*% ^s^i^/^anxtcjsvvc. 

200nm &TF k T 5 <D&M%. LV \, 

&M&:irZ>tc.#>\Z.\^ 1 0 TLm^±JDWWmcm U»9 0£U<f£2O nm£Ui) & 

x2~-si>x<DEm, ->3iyh^9xhs ^fwmoz 5 ^mm^^^m, r^v 

m^^fDA l m&MJEm.kirZfc.&KhMMXfoZo 

x}sbo%m<D znkv y^sst-et ztewmvft^z ? ^-rsi&^fc 9 x mm 
^^mmmmxmm^m^A 1 mk\m$&*i&m'z> - k fr^xhz* tit^m 
mmk<Dm&®M%n#>z>K.#>\^ mm\zAi%kmmm<Dmm&^mx$>z> 0 zn 
/a 1 (m^t^m^(Dm^-M^x(Diiim) ± lth 4.0 £Lt£ n^©» 

m.isX^z>$®&foz>o 

&:io N Z n/A 1 J£teJSH^£tt£ LT, 4.0 £LL-efc*Lfc£&< . A 1 Sr^S^^ 
Zn/Alifcte, i?~m,^-ftyt CAES) T'Wffi-C'§5. fu^Lfcmft^Ji£>J¥££> 

nmbbtizmfc®m<Dm£teftmi-zm£&x<DZn<D¥ L i%m& (at» tAi©¥ 
i^mM (at%) j; 9s zn/Aijt^fcfcu fdfcu nm<omm^^^mi\^a<o 
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v^^fcU<ttffiv^^J#fiEt-5i:i:^*>5 0 fEoTZ n/A 1 Jfc©«IJ&tt* sp^ta 

ifcfc. Z n/A 1 Jfc (M^a^om^^SWJfcsp) t UT»\ 4.0 EJLb£ £3 Z n 

£<b{-s &}R&+fr\z:2m£ltZ>1tif>\z:\^ Wmz n/A 1 J££S 4.0 ^Znifr 

•^M^SSl^C 7 0 %RJt^fe5^dSfc-5 0 Z n/A 1 J£a* 4. 0 £li^5Z n^£ 
O^b^^^tt^ Xi^^o7t7-ff- (EPMA) KL&ZT&hTvVl'^ 

hvKteg&m^mffitM (s em) K^ame^a. EPMAm ms-tzmim 

\,^&&mmz.m$u-rz>zb&X'%z>tciib, ^hn±~$m^&mmmy-7hv^ 
t\z£v ~mttz> - 1 xmm^*wmx% & a tctdu mmztiz^^h^xhtK 

-C#^ 0 rrT«fflDDa^^ m£&m<Z> 3 m®.£ (Ra) tf* ioo nm g&fiirFs m&m 
i0i©¥*&WHI (S) 3^1000 nmS^T©*M**^S-^«r*!*i-*o 
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^frTWCfc&VX, $»DI]|£M3:. Rate: 100 nm^Tx S ft: 800 nm^T^M^UV\ Ra 

Vfr^tK Ra fit 3 nm £*_h, S it 50 nm Rh^Mlb^®^^^ - £ «l&bfc 0 
Ra « 4 nm ^_ht?fe6 r £ flSJ; V) UV\, Ra 3 nm £JLL, WittQrii^/Jv^-t- 

€z>k¥-tmmte&<$%, ^<Dhzm<Dm£fttvx<D®M&m0.-tz>fr^ 

Ra 43<tT^ S Sr^i-S^F^-o©^^ ^x&T 5 £ 5 Zn Wmm\z. Fe Srg" 
^itS^^fcSo Zn^-fk^^Fe^^Sa:, Zn ^i^te^^fr*^ CT^ 
^cWgi:^t)W^p-t-^o -©Fe^*t^mP^^»i-Sr^-e. Zn @^t?|& 

Ra. s©$sf$^7^-^ii, znw t mm<Dm i ffi<Dj&w:&, =&7c&$mmmm& 

ttmufcs^^m©a^*^J:«9. B*T.mm&<D mmnz-mmi B-o66o-i998^ 
\z.mm&tix\,^zm&\z.&<>xnn-rzz.k&xzz> 0 ^nao^^f^^ 

v^cfe, <sv^p3imE. m«i kVOT. &m^xm.m'tz>z.k&^mxhz 0 #^ 

of3\ Zn.3RBWb*NS\ Zn £ Fe Srgt^fb^-TSr irT?fc5 0 Zn^^lCFe 
^T$*S££fc:J:>K Zn mmmvV'CX&mRtehVblrZZLb&XZ&o ^(DW 
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m^m^mT^mmtf^mmimib^K^x^^K zn wtmnom^^ Fe 

ifcSV^Fe OM^^^:J:oT$i]$lJ^tUS^:^?>i^i^UTV^5„ Zn £ Fe <£>?P^*ji-5 
Fe ©#5fi$l<a> te^fc&oTV^V^ ^#£>*3\ Fe tf* 

lat%£LL N 50at%OT^HT?^Tfe^ n £ STASIS l/^ 5 0 J: 9 U0«S 
ffltUTte:, 5—25 at%-t?fcSo 
i.Oip^' Zn i: Fe ^tfM^te. m3£<£> pH 

zn m^b^m2F2&i-*^Ts Fe &mrr z> - £ 

200g/ltfe5. $b^J:9^*LV^H^UT^ l~8 0g/I-C^ o F e-Y 
^">-©^^-^oV^«#{^^$tt^V^ s ^fcf 1 — 8 0 g/ 1 OF e <Y $~>0sk 

mxhn^ mm—m a*%m) *s~mg/i <Dmmxm$ir%^ki^mxtbz* 

fp©7Km-r^->it^^^U ^r^m^o pH as_L#U o#£$^® 

m&&&$mm\zmmz j ttmz7m&. x<Dnmmm zwrntz r t mmxihZo - 
ofes ^B#FfOa* i mmx&>z>h, mmfcm&vx^ztm.?) p h &±g--t%mz.m 

iWMtsi^to ph « 1. o~5. 0 (omm\^h z> - t uv \ r ^« 
ph a* 5.0 ^©^^dS5i< x 1.0 7ft«rewu m&com$(Dvm 
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Mik®l&f>mm^&^X, m^^pH_h#«:PlJliU ^^KJS^^#^i-S^i: 

wm^um^^K mtthw^ (ai 3 cooNa) f^E^mm. 

7kif#y?A (GKJOOjtyU t£Z<D7*/vm&. ?^m.-rV])VJ» (Na 3 C 6 H 5 0 7 ) ^ 
(N^ friTtf)^^^ mm-hVV^ (NaCH 3 CH0HC0 2 ) ftifOfLm^ «^ 

5g/l ^iiTC&S^ pH «ffij«W-H^ Ff^^^«^^^^^^*^^> 

9, 50g/i %mz-x^ ^m^fpi-^raj-e^<, • 

Zn |g^«:#^^U3&V\ ±0#£UV>pH8H^RW0>*£fc ITS, B 

mi-hv t?j*3?my>}&i o~5o g /i©m s^ic^ixtt* 2o~5o g /i 

^9^id5#^LP>^Sfcfet?fe5o i£$l£>ftJ3:> 3g/m 2 £TR-P^1-3 
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m*. mw&M<DfeMv—/wu^w^%un^%^tx, ai ^^b^^a 
?k%mxhz> 0 zonm*. ai ^m^^^.u ^®^ff^®§rfiii\i-s 

^5&m&*tv\ ^ESfctS^fci^- fcasj&g&fcfc-efc5o 

^#^tt5. mwmmfommAi^m^tm^^xm^mi^t^^ &mmxm 
x^zvtmx&^ibK mm<o^mm<Dm.^\z.^m^izfrz>A im^2o a t % 
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So 

? P # (#0 IFC-43 70 ©*&&aEia&jfc 5 r b 
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^3 











pH 




(r/i) 




(r/i) 




1 


40 


0 


0.0 


2 


2 


40 


20 


4.0 


2 


3 


40 


40 


8.0 


1.5 


4 


20 


0 


0.0 


2 


5 


0 


0 


0.0 


2 


6 


0 


49.8 


10.0 


2 



)pH[«Mlc«fcyiiSLfc: 



sat. mmmjm. &T$mmvtijm\^^xm£-rz> 0 

(1) zr\s*mm. (.mmmo fm mmmmfe) 

(2) ikf&ftmsi 

Syt^^Y 550HN) Sr»l g/m 2 ft^U §I#«#TA'^ Plttfll (0^—^77 
(#c) FC-E2001, «yg. — JElkgf/cm 2 ) , zkife. 

mmtoim. (a*s<— xv^vis? mo as pl-z)., fly&#yg (b#^— #7-^ 

^ (#0 $g PB-L3080) ©^IH-e. '^ftBaadKSr^^Lfeo £<Z>i:£\ 
.WmiZ—fc (2#) irUfcdS. T/u^yjKJIg-CW:, MMti 1/2, ABBI^S: 3 

o ? mm\z.£m& v ^mmihibmmirZo 

(3) 

2 5X10 Ommt^XiD^ 2:fciqft (^^A9fl#^V b ^R352L) SrS 
*U ttlfaHSIB^^y^i^- 7— &2 5 x 1 0 mmO^fc^fiJ, ^*3!l£:^ftJ 
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L,tc$!>fr%mte&trtt, 1 7 otx 2 o^©iair"tf^§*if u mom© 

-SMHftfttfE* 0. 2MP a Sk±X*htltf. o 

gmmg.a>K o.2MPa*$refc*u£ x 

(4) mimmmz, mmttmcDz n/A i ^aj^ 

i?^m^5^fe CAES) 3rJiV\ Ar^^y^y^^ AES h/V£>$tf£3: 
V— Mci^fTofc. (at%) tt* ^7ci©t-i?x f-^5lg^e> WtHi 1 

2/zmX2/im g£©««Sr^©*!Hfe £ U ffit<^ 2-3 ^^W^U^ 
Zn <£>*F3£^ (at%) £ Al (D^mmm (at90 £ 9 3£&fc 0 

(5) mmmm&<DmwRimfe 

(6) Z n£#©^l3&<£>®««!l;£ 

Zn£#:<^rb#^^^&^£^5fc&K:, jfeSffrJ^^ (LEO *fc LE01530) 

v\ ^ams p.5 kv xj^uisx#j7p<D-&n^&m&&m^xm&&<D- &.m& 
htvx, ^(D^^f^m^m^fhxv^^u^kmm^^ir^^k^x^^o 

Z n/A 1 Jfc# 4 . 0 £Lt(D Z n £f^BWl^^*uK^BMbfc <fc «9 t>^V ^ 
£&SU^AES^J;9^bT:fc!9 N HtV^^SZn/A lJt^4. 0Rl:©Zn±#:O 
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(7) mmiDmm&vmmxmz'^t-znmfe 
irinmim<Dmm&iim)&zftx\i^^b\z, ^mrf-mmm (leo & LE01530) 

&/BV\ 0.5 kV TPS^rtfcKgSjh/fc Everhart-Thornly %L<D~ftM1r&.tti 

&&m^xm§^— &&&&&&& u-r § r t^<t«9 ^ufc 0 

era-88oofe) %m^± 0 . asr4JP3i«E 5kv. i7— ^isjrfj**** ammm) 

15mm ^TtfV\ ^B^Sft^ftOf-^y ^^WPBtt 5 nm fiATi: Lfc (ti&flgpm 
40000 f££X_h) o m ; HMMtK:J:5»«^tt«fc*A^*ifcbfc. Zn3^ffc 

«ydqs9Ei-s««- ^^fcijm^^jfefe^iRid^ss sum mm<o 450 ^.guiom 

(Ra) kUis&mvimw&vsfimm (s) ^tf#u^ 0 Ra, s *tve 
-cwu B^iti^ mmm^-mmi B-0660-1998 ^fcfB*6$*vrv^ 0 ^mmm 

*5 J H^\ t^X^f— ^^^fcot^ S0^lRl©^$ ($J 3/*m) <D*&*** 
y Y*7®3:k-tZ> Spline /v^X— :7-f**— «rsWC ^J^IrBfefebfCo *p 
e^gaE^^ ^i©BiWElH NIST 1- VLSI K*fc<Z> SHS 

itSI^^*^— K (^UlSnm^ 88nm N 450nm) SrffiV^ 

^*Sr«4 % 5 

(1) *58WW (f£&##l~7) Ti*. mt&WmU pH &1 l^J^LfcM§*£ 

fcj: «??g^«yg^ufc^ m3 \z.mm<o. ph lti»?- h v v a 3^ 

^r^Lfc 0 ifr^gtSmi, ¥«fld^f318~31nm'T?&>K Zn/Al JSCHttJfc 
# 4. 0 £Uh<£> Zn 3Etfmm<Ott^& 90~96%T?fcofc„ J$$&ffi$b£{&< % 
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mtmmzmmv^imm (mmm-^i 0) > mmttmovK #i l^mvimm 
m^m^ri 1) -era* z n 3=ft<Dmmimmm& 25 4o%k&< , mm 

(2) ^sf#^-i N 11. i2m^, ^-r^hmmt^nm^mmx^-^/^msL 

U ^flf?£^fe (AES) &|gV\ Ar + ^°>y^y AES f/Vtf>$i;££r 

3. HI 4, 05^-r o IU3^Lfc, ^#^-l©^^b^a^-i 

v^T^frfrb^ftfrZiZ.?^ mimxDAi mg.i±^-fti<Dm£\z.&^xh 20a t% 
^-e$>5o ^tucatu ®4 N ia5^bfc^isf#-^i 1 {ttmfl) . r&i 2 at 
wm xn, Ai 20 a t %si±xhz 0 mtf 1 1 ^^#-^-1 &&mm 

(3) ^##4, 5, Qx\m.immz.mm-r^^mm-^^^r 

>&ftirZ> h(D&fiim £L Zn £#^fb&«*»fc: 15~25 a t %<D Fe 
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Al 3SBW12*&J1©— »Sr«fe»U MfefbftHffi&fr 5 £ £ 9 Zn &mftmm&J&JttfrZ> - 
lulB Zn 5&SMb*WE. F e SrST*** <fc ftflNb&ttHEHgb 

Fe^tttUm FeiZn©I^«S^e>Fe/ (Fe + Zn) ^-C^m^ 
*b5 F e Jgm*;s*«:jtaS i Ufc^§£\ ^<Hl~50 %&tm'V&m&*> 5 CL £ tf* 
*CV».5 0 -£9&&L<ft> 5~2 5%i:-rsri:-e, OTtMSrtSri 

^ffiiWbto&^*o#*®©|tfMWfc#U SiBfEHglttft (TEM) ^^/v- 
#l$^X||##f^ (EDS) ^V^a^bfc^^ h^'6**<5Clfc^*fc3a 
y§Tfc££#;tW5o -f&^?£ (^Jx.«AES^EPMA) ^ffWfiO^lffl^ 

5„ ^#tS Zn M^f-F e m €t«)5r ilt $ 
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v &&*msmimibti&&s mmm<Dsmm.£* 20nm suik+zk&b&sm"? 

200rm^T kir^<Di>m^V^\ 

(AES) ^^©S^as-C^S. -(Djmfc&^Xi^ BrJ&PSSW*!/ 

#:©^l^©^S^3 s ffit©fco ^pg^&^T l 5 %^_h-efc;fttf<fcv^ £ jWSfiR-e 
tTV^o ZniM»»ll ^ o T-^-^-r if— (EPMA) \ZL& 

Stems' tfV^ t> U < li^Sl^l^ (SEM) lJ!J:DfHffit?#5o EPMAf 
f*. #B-r5BMtt&**M&e>*t50 x AK Z n ©^fc 5 £>©*££ 

SfcKl. B^FeSr^Zn^#:©^b^JJ:mH*IHia##i-5wi:^J;«9, 

100 nmg^rF. ^aJDflia^wraii (s) a* 1000 nm n&&T<Dmmu£ &^-tz> z. 
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%^vT&y^#tzmmmm&$muz.< <, mm^^x^mm^m.ox-^^u 
\m\z.m$}Xfoz> 0 *fc s mm0kWkvxizmmfc<Dm^mm£kftTxm^%jxh 
m®w&<DMtfcfe, mtvx, zn mmmm<Dmm&fflmwth%Gvx^z>'b<D, 
WR. v ^KWsFtDwm&m-rz z n ^mm^^-r^^txmmmmm 

)$£tlX^Xh^\ MBPflfite, Ra « 100 ran £*T> S it 1000 nm SXT&m&V 

< 5 & 19 ^ £ t>m u < * 5c r. ti e> ^ - * <pteb«: 

#KJi^U&V^ Ra W: 3 nm RL, S tt 50 nm SLtXmmmm^m^h?) 
fiH&Lfc 0 fc*5 % Ra Ht 4 nm &JtXhZ> - i: # s <fc 9 IK: LV\> Ra ti 3 nm ^_h % ^BDfl 

Ra, S©*ffi8L§A«?7<-*tt, Zn mSI»<^® H^^f+SJ^^ 
ttffibfcS$^:^m©m$ft^J:9. B#X||t£M#© r^m^-MJ B-0660-1998^ 

\z.mmzftx\,^mmm<>x^w-rz>z.b&x*z 0 m^nafiw^^^ 

m^©^/^— ^ut^c ev &^>bti-zm^*^—<D-fcmttm^x-]fcm?- 
m&mm&n 5 £ x mmi<D^mz.k ^cs^yh^b &«&-r s ^ t &x%z>it 

^^iWillflfOjO^^s BP*>Ra:|3«};tJ*S ^$J|Pt 
5rt^#5o Znm^b%fcFe&^$i2:5vl£fc£«9. Zn WmM<D^ 
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)&-e#5o zn t Fe ^t^mim^m^^m^^^m^t^^mmtm^Tb^ 

tZoX^&^K Zn mk<%}<DJ&&:& Fe &5V^3: Fe (^^k;%(-«toT»J$tb^fcS?) 
-C&5„ F e SrgtrZ n%mmte., BUlB pH ^#^^^1-^^14 

sitm^-^ (7 7k?n^) 4»n*tfs 5~4oog/i of5a-e§£ittfs *jmx*&z> 0 fcfdu m 

4fc) <DffitoM& 5~200g/l omfflblrzzt&zy&izvw 

<^^, fiywiw^ i mmx&zk^ mm\zmkvxv^z>wm<D ph as±#-t-*«rn:« 
*m\<misfrziz&Kmh®&i&&c.X'%-r, 30 ^RjaswurtiMbib^fc 

*3»wtci8v^ 7m&x<Dmmm\*MiMmf&temgX'hz>o z.(D&nmm.x\ 

JWIWris 2 ~ 1 0 S>t?fcSo 

mtmmz.m§ir%mmmt(D p h » 1. 0-5. 0 o&mxzb* - 1 a s M£ bv\, rtua 
p h a* 5.0 *m?LZb, m&<Dmm&&n<, 1.0 *sre», ^©m©^ 

pH $]KI«r<>fct5W4<s ffr&©Z ni^fc#$ pHJb#£J:5Zn3R 
iWblW^fi!Sa@lcj3V^ % ^&ftpHJi#&P£ii:U 3fiftftSJWre«r##*f-Silfc 
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mmtKMmtf&^K m%-\-£, wmtt-yvvj* (cH 3 cooNa) ^^<omm, ^^^m 

(NaAHA) ft¥<D=i^?MM., mM-ThVVJ* (NaCHsCHOHCOjj) fc£©?L8feifc» ^ 

5g/i fc. P H mfe(om\mm*mmx*%t&^it}bx*ih 

50g/l Srjfi^Tfe, ^Jm^^f ^ tmx-fr < % SM^©^fcJSWHW«i-5fc 
mf-hV ^A37KfP^^rl 0~5 0g/l©ffil, £ £ fci^S: U < ft:, 20~50g/l 

^?r£as#&k*L5fc&-efc5 0 Z.<Dm&frt>, Ml©ftte, 3g/m 2 ^"ra^TS 
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x%z> 0 

U ^ b (D^mm^ 1 f3>£LL Wit pW& LV\> _LlBf5Kl*J£> pH -efetbf^^ 

&&w\z&5mim&ft<>%mfo%W£i-z>fcm^x^ &^zmwz ai 

Al O-ftfe^, Pb, Sbs Si. Sn N Mg, Mn N Ni N Ti, Li. Cu ttZtf^StctemuZtlX^ 
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££fc:J;tK P s S. N, B, Cls Na* Mn, Ca, Mg, Ba. Sr. Si ftif*sgMtffeJif 

mm o. 8mm (D^mmm±\^ ^»»o^m« u mzmKBcm&ftoit. 

94 Pf? OHO 1FC-4 3 7 O^^Bf^^^Sfe^^o MKffi^TJ«?Sttfl3*i 

imm, mmm-m77mm(omaM, p tt%m&mttmmgm\z. 2-5 ufc c 

(1) (Miti^tt) Ms mmmmm 

(2) SWtf»f FeJt^^ 

%m5<omm*&te.Mv* mm&m&8t am 7^yy^uf cm2ofeo 

/I'^-^iffiXii^lf^ (EDS; EDAX &m^Xft^>t£o EDS K&yWtttMO*^ 

<DF eitmtVX, Fe/ (Fe+Zn) SrlftbUt. 

(3) &fl?MJ*$<Z>8!l£ 

#—i?~mfrttftm (AES) £r/SV\ kfast-srfVfrk AES b^oai^Srlfe 
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TLT-^i^5o **HCi— AH^Ofll© 1/2 £fc3«£&.'M5te©J¥£ Ufc 0 
¥*&ft«5#® 2 M mX2/zm U #S<7> 2-3 ^T'^Lfc^ 

(4) Zn^©»©iSiW 

Z n±|^©M©®«$^J^-5fe*^ j££m?S5tt& (LEO th LE01530) £JB 

v\ ummm 0.5 kv w^^^x^^r^o— ^m^a^^v^ffifs*©^*^ 

(5) m^<o^Miao^Rtm^^7^-^<p^ 

Zn ^^b^om^ODtOjdS^ $ tbXV > 5 £ i: ttx j£3»?fg|Sai (LEO tfc LE01530) 
$rJBV\ ^P5t«ffi0.5 kVT?^^P^(^a$ttfcEverhart-Thornly^<D-^:«-7-^ffl 

ERA-8800FE) £rJB^fc 0 JB!l5gttinj£«E 5kV N IZ—^^-f is* (fmmM) 
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